Cumulative inbreeding rate in hatchery-reared indian major carps of Karnataka and Maharashtra states by Deepak, P.K. et al.
J. Indian Fish. Assoc., 33: 141-160, 2006 141 
CUMULATIVE INBREEDING RATE IN HATCHERY-REARED 
INDIAN MAJOR CARPS OF KARNATAKAAND 
MAHARASHTRA STATES 
P. K. Deepak, Shrinivas Jahageerdar, M. K. Sharada* and N. K. Indira*, 
Central Institute of Fisheries Education, Fisheries Universi(v Road, 
Versova, Mumbai- 400 061, India 
*CSIR Centre for Mathematical Modelling and Computer Simulations, 
NAL Belur Campus, Bangalore- 560 037, India 
ABSTRACT 
The state fisheries department hatcheries are the major suppliers of seed 
to the farmers in Karnataka and Maharashtra. The broodstocks of these 
hatcheries are genetically closed units. In the present study, etJective 
population size and cumulative inbreeding rates were estimated. The 
cumulative inbreeding rates ranged from 2.69 to 13.75, 8.63 to 15.21 and 3.02 to 
5.88 per cent for catla, mrigal and rohu, respectively, in Karnataka state 
hatcheries. In Maharashtra, the cumulative inbreeding rates for catla ranged 
from 7.81 to 39.34 per cent and it was 5.84 to 14.09 and 2.46 to 10.20 per cent for 
mrigal and rohu, respectively. To estimate the inbreeding rates in future 
generations, predictive models were developed using linear regression, and 
polynomial and power equations separately for each hatchery. Their multiple 
correlation and standard errors suggested that simple linear regression can 
predict the future inbreeding rate efficiently. 
Keywords : Karnataka, Maharashtra, brood stocks 
INTRODUCTION 
Aquaculture is the fastest growing 
food production sector in the world 
increasing at an average rate of 9.2% 
over the past 30 years (FAO, 2003), 
which makes aquaculture one of the 
promising industries to meet future 
food demands. Indian aquaculture is 
heavily dependent on three Indian 
major carps namely catla (Cat/a cat/a), 
mrigal (Cirrhinus mrigala) and rohu 
(Labeo rohita). Carp culture is very 
popular in Karnataka and Maharashtra 
states which have rich water resources. 
The state fisheries department 
hatcheries are the major suppliers of 
seed to the farmers in these states. In 
these hatcheries, replenishment of 
broodstock is done as and when 
required but the broodstock 
management is devoid of genetic 
pri nc i pIes. The individuals for 
broodstock replenishment generally 
come from within the hatchery 
(Jahageerdar et al., 2002). There is no 
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exchange of brooders from other 
sources, making these hatcheries 
genetically closed units. This leads to 
the mating of closely related individuals 
causing inbreeding in these stocks. 
Inbreeding enhances the homozygosity 
at the cost ofheterozygosity, which may 
result either through an increased 
chance of sharing parental genes from 
inbreeding itself or through the loss of 
alleles due to random genetic drift 
(Wang et al., 2002). One prominent 
consequence of· increased inbreeding 
rate is the reduction in mean phenotypic 
values of traits with respect to growth 
and fitness. 
Inbreeding may be estimated at 
individual level and also at the 
population leveL The inbreeding 
coefficient (F J is the probability that the 
two alleles entering the zygote at a 
given locus are identical by descent in 
the sense that both of them are derived 
from a common ancestral allele 
(Male'cot, 1948), while the rate of 
inbreeding (.6.F) is the increment in 
inbreeding per generation, which is 
used to describe the increase in 
homozygosity at population level. 
Estimation of F x requires the pedigree 
information and the state-owned 
hatcheries do not maintain the pedigree 
records for their stocks, because of 
which the estimation of inbreeding 
coefficient for individual fishes at the 
hatcheries is not possible. Hill (1979) 
suggested that in the absence of 
pedigree information, inbreeding rate 
may be estimated based on the effective 
population size (Ne). Effective 
population size is the number of 
breeding individuals in an idealized 
population that would show the same 
amount of dispersion of allele 
frequencies under random genetic drift 
or the same amount of inbreeding as the 
population under consideration 
(Wright, 1931 ). 
The rate of inbreeding 
accumulated in one generation ranged 
from 0.13 to 15.87 percent in catla, 0.35 
to 12.00 per cent in mrigal and 0.16 to 
12.60 per cent in rohu at various 
hatcheries in India (Eknath and Doyle, 
1990; Mishra and Jain, 1993; 
Basavaraju et al., 1998; Badigar and 
Krishna, 2005). Jahageerdar et al. 
(2002) and Deepak et al. (2005) 
estimated cumulative inbreeding rate 
over the generations for catla, mrigal 
and rohu, and it ranged from 1.63 to 
19.09, 5.23 to 5.91 and 1.71 to 4.24 per 
cent, respectively. 
There is a widespread perception 
among the farmers of Kamataka and 
Maharashtra that there has been a steady 
decline in the performance of Indian 
major carp stocks. So, there is a need to 
estimate the inbreeding accumulated 
over the generations in these stocks. 
Besides knowing the prevalent 
inbreeding rate in the breeding stocks, it 
is very 1nuch desirable to assess the 
future trends of inbreeding in these 
stocks so as to design a long-term 
breeding policy. However, very few 
efforts have been made in this direction 
(Deepak et al., 2005). Hence, the 
present investigation was taken up to 
estimate the effective population size 
and the cumulative inbreeding rate, and 
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to develop models for predicting the 
cumulative inbreeding rate. 
MATERIAL AND METHODS 
Source ofData 
Data for the present study were 
compiled from the breeding records of 
the government fisheries department 
hatcheries of Karnataka and 
Maharashtra states, and were 
supplemented by monitoring the 
broodstock management practices and 
also by collecting information from 
personal interaction with hatchery 
managers and staff. The breeding 
season for the Indian major carps 
ranged from May to September in 
Kamataka and in Maharashtra, it was 
from June to August. The breeding data 
were collected from the three major 
hatcheries of both the states from the 
earliest date they were available on 
catla, mrigal and rohu. The hatcheries 
and the period for which data were 
collected are presented in Table 1. 
Table 1: Period of data collected for various species from different state hatcheries 
State Karnataka Maharashtra 
Species Bhadra-1 Bhadra-2 Tungabhadra Arey Daptchery Khopoli 
Catla 1993-2002 1988-2002 1995-2002 
Mrigal 1993-2002 1992-2002 1995-2002 
Rohu 1993-2002 1988-2002 1995-2002 
The data were compiled on the 
species, date, month and year of 
breeding, number of males and females 
used for breeding, and the number of 
females spawned from the breeding 
records. However, the pedigree records 
were not available in all these 
hatcheries. 
Analysis ofData 
Estimation of effective population 
size and inbreeding rate 
The inbreeding rate was estimated 
based on the effective population size. It 
was observed that the spawn produced 
in the second half of breeding season 
only had a chance to make it as the 
1989-2002 1991-2002 1990-2002 
1989-2002 1992-2002 1990-2002 
1989-2002 1991-2002 1990-2002 
potential brooder for the production of 
next generation. Therefore, only 50 per 
cent of the total brooders used in each 
generation were considered for the 
estimation of the effective population 
size. Based on the primary data, 
secondary data such as number of 
females and males contributing to the 
next generation were estimated. The 
effective population size (Ne) was 
estimated by the method described by 
Falconer and Mackay ( 1998) 
4(N X Nf.) 
i\T 1ll lVC = . 
(N 111 +Nf') 
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where, Nm and Nr =Number Qf males 
and females contributing to the next 
generation. 
The annual rate of inbreeding (.1F) 
was estimated as per Falconer · and 
Mackay (1998) 
.1F= 1/2Ne 
where, N e = Effective population 
SIZe. 
Estimation of average effective 
. population size and cumulative 
inbreeding rate 
To obtain the effective population 
size per generation, the numbers of 
male and female brooders were 
multiplied by the generation interval. 
The average generation interval was 
considered as one and a half years for 
both males and females in all the species 
(Chacko and Ganapati, 1951; Alikunhi, 
1957; Chondar, 1999). The effective 
population size over 't' generations 
(Falconer and Mackay, 1998) was 
estimated as 
where, N e1 = The mean effective 
population size overt generations and 
Ne~' Ne2 , •• Ne1 = The effective 
population size in generation!, 2, ... t, 
respectively. 
Based on the average effective 
population size, the average rate of 
inbreeding over 't' generations was 
estimated. 
The cumulative inbreeding rate (F1) 
was estimated by the following method 
given by Falconer and Mackay ( 199 8): 
F1 = l/2Ne1 + (l-l/2Ne1) F1 _ 1 
where, F1 _ 1 = The cumulative 
inbreeding rate in generation t-1 . 
Predictive models for cumulative 
inbreeding 
Predictive models for the 
estimation of cumulative inbreeding 
rate were developed by finding the 
equation( s) to the curve in which 
cumulative inbreeding rate (F) was 
plotted against generation. The 
predictive models were developed by 
fitting linear regression, and 
polynomial and power equations 
(Daniel and Wood, 1980; Gupta and 
Kapoor, 1987). Their efficacy was 
tested by multiple correlations and 
standard errors. 
RESULTS AND DISCUSSION 
Estimation of Cumulative 
Inbreeding Rate 
The effective population size for 
catla ranged from 5 to 204 in the 
hatcheries of the two states and it was 8 
to 285 in mrigal and 8 to 540 in rohu. 
The cumulative inbreeding rate over the 
generation for catla ranged from 2.69 to 
39.34 per cent, and for mrigal and rohu 
it was from 5.84 to 15.21 and 2.46 to 
10.20 per cent, respectively, in different 
hatcheries (Tables 2-4, Fig. 1 ). 
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Table 2: Effective population size and cumulative inbreeding rate in catla reared at 
different hatcheries 
Number of brooders Effective Rate of Cumulative 
Hatchery Generation contributing to next population inbreeding inbreeding generation 
size (%) rate(%) 
Male Female 
1 58 45 101 0.49 0.49 
2 50 30 75 0.67 0.88 
3 19 12 29 1.70 1.50 
4 43 18 51 0.99 2.13 
5 45 15 45 1.10 2.78 
Bhadra-1 6 38 22 56 0.90 3.41 
7 27 13 35 1.42 4.08 
8 29 19 46 1.09 4.74 
9 50 33 80 0.63 5.38 
~ 
10 32 18 46 1.09 6.02 
1 12 5 14 3.54 3.54 
2 78 33 93 0.54 4.88 
3 78 38 102 0.49 5.85 
4 60 26 73 0.69 6.68 
5 70 29 82 0.61 7.41 
6 58 22 64 0.78 8.10 
7 54 21 60 0.83 8.75 
Bhadra-2 8 38 13 39 1.29 9.43 9 44 13 40 1.25 10.10 
10 48 15 46 1.09 10.80 
11 54 21 60 0.83 11.40 
12 66 22 66 0.76 12.00 
13 122 40 120 0.41 12.60 
14 100 46 126 0.40 13.20 
15 70 34 92 0.55 13.75 
1 74 57 129 0.39 0.39 
2 60 53 113 0.44 0.67 
3 36 27 62 0.81 1.03 
4 38 36 74 0.68 1.41 
Tungabhadra 5 107 82 186 0.27 1.75 
6 94 71 162 0.31 2.06 
7 75 43 109 0.46 2.38 
8 63 42 101 0.50 2.69 
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1 12 6 16 3.13 3.13 
2 4 2 5 9.38 7.17 
3 4 2 5 9.38 11.68 
4 16 8 21 2.34 15.25 
5 12 L2 24 2.08 18.22 
6 4 4 8 6.25 21.18 
Arey 7 6 6 12 4.17 23.94 8 5 5 10 5.00 26.58 
9 9 9 18 2.78 29.00 
10 8 8 16 3.13 31.26 
11 10 3 9 5.42 33.34 
12 5 5 10 5.00 35.37 
13 4 4 8 6.25 37.40 
14 6 6 12 4.17 39.34 
1 46 46 92 0.54 0.54 
2 39 36 75 0.67 0.94 
3 102 102 204 0.25 1.25 
4 32 32 64 0.78 1.62 
Daptchery 5 36 36 72 0.69 2.00 6 6 7 13 3.87 2.75 
7 27 29 56 0.89 3.47 
8 4 4 8 6.25 4.59 
9 18 19 37 1.35 5.68 
10 15 15 30 1.67 6.75 
11 15 15 30 1.67 7.81 
1 36 20 51 0.97 0.97 
2 19 15 34 1.49 1.78 
3 26 29 55 0.91 2.52 
4 20 20 40 1.25 3.27 
5 22 22 44 1.14 4.02 
Khopoli 6 33 33 66 0.76 4.71 7 69 63 132 0.38 5.34 
8 47 34 79 0.63 5.93 
9 27 25 52 0.96 6.52 
10 43 39 82 0.61 7.09 
11 35 35 70 0.71 7.64 
12 44 42 86 0.58 8.18 
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Table 3: Effective population size and cumulative inbreeding rate in mrigal reared 
at different hatcheries 
Number of 
brooders Effective Rate of Cumulative 
Hatchery Generation contributing to population inbreeding inbreeding 
next generation size (%) rate(%) 
Male Female 
1 . 14 7 19 2.68 2.68 
2 30 15 40 1.25 3.96 
Bhadra-1 3 19 11 
28 1.79 5.19 
4 16 6 18 2.86 6.55 
5 32 14 39 1.28 7.78 
6 16 13 29 1.74 8.96 
7 22 10 28 1.82 10.10 
8 20 9 25 2.01 11.30 
9 22 13 33 1.53 12.40 
10 14 7 19 2.68 13.54 
1 34 12 35 1.41 1.41 
2 16 4 13 3.91 3.17 
3 32 9 28 1.78 4.69 
4 18 4 13 3.82 6.45 
5 22 7 21 2.35 8.12 
Bhadra-2 6 76 23 71 0.71 9.56 
7 74 18 58 0.86 10.80 
8 30 12 34 1.46 12.05 
9 64 18 56 0.89 13.18 
10 50 26 68 0.73 14.21 
11 26 15 38 1.31 15.21 
1 18 14 32 1.59 1.59 
2 50 36 84 0.60 2.30 
3 24 17 40 1.26 3.05 
4 7 5 12 4.29 4.29 
Tungabhadra 5 39 24 59 0.84 5.38 
6 20 15 34 1.46 6.43 
7 14 7 19 2.68 7.57 
8 44 23 60 0.83 8.63 
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1 80 27 81 0.62 0.62 
2 34 17 45 1.10 1.19 
3 64 32 85 0.59 1.70 
4 50 30 75 0.67 2.19 
5 19 19 38 1.32 2.74 
6 26 26 52 0.96 3.31 
Arey 7 4 4 8 6.25 4.37 8 5 5 10 5.00 5.69 
9 6 6 12 4.17 7.13 
10 7 7 14 3.57 8.63 
11 18 18 36 1.39 10.05 
12 9 9 18 2.78 11.47 
13 20 20 40 1.25 12.82 
14 27 27 54 0.93 14.09 
1 142 143 285 0.18 0.18 
2 59 59 118 0.42 0.38 
3 60 60 120 0.42 0.61 
4 51 51 102 0.49 0.86 
Daptchery 5 6 7 13 3.87 1.56 
6 16 18 34 1.48 2.31 
7 3 6 8 6.25 3.53 
8 4 4 8 6.25 5.08 
9 82 87 169 0.30 6.48 
10 79 79 158 0.32 7.71 
1 100 50 133 0.38 0.38 
2 42 37 79 0.64 0.72 
3 31 21 50 1.00 1.16 
4 43 43 86 0.58 1.59 
5 34 34 68 0.74 2.02 
Khopoli 6 52 58 110 0.46 2.43 7 39 33 72 0.70 2.85 
8 18 8 22 2.26 3.40 
9 52 46 98 0.51 3.91 
10 9 8 17 2.95 4.57 
11 23 21 44 1.14 5.22 
12 98 93 191 0.26 5.84 
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Table 4: Effective population size and cumulative inbreeding rate in rohu reared at 
different hatcheries 
Number of 
brooders Effective Rate of Cumulative 
Hatchery Generation contributing to population inbreeding inbreeding 
next generation size (%) rate(%) 
Male Female 
1 113 82 190 0.26 0.26 
2 30 19 47 1.07 0.71 
3 65 39 98 0.51 1.12 
4 40 17 48 1.05 1.59 
5 70 19 60 0.84 2.08 
Bhadra-1 6 88 35 100 0.50 2.54 7 80 52 126 0.40 2.97 
8 42 18 50 0.99 3.43 
9 20 10 27 1.88 3.96 
10 32 16 43 1.17 4.51 
1 90 35 101 0.50 0.50 
2 64 25 72 0.70 0.90 
3 80 25 76 0.66 1.29 
4 84 21 67 0.74 1.72 
5 48 22 60 0.83 2.16 
6 100 41 116 0.43 2.58 
7 120 44 129 0.39 2.97 
Bhadra-2 8 98 35 103 0.48 3.35 9 122 28 91 0.55 3.73 
10 100 34 101 0.49 4.09 
11 92 33 97 0.51 4.46 
12 78 29 85 0.59 4.82 
13 118 41 122 0.41 5.17 
14 74 30 85 0.59 5.52 
15 54 30 77 0.65 5.88 
1 48 32 77 0.65 0.65 
2 50 35 82 0.61 1.07 
3 109 92 200 0.25 1.40 
4 56 46 101 0.49 1.73 
Tungabhadra 5 ~ .... \)j 44 104 0.48 2.05 
6 71 59 129 0.39 2.37 
7 66 35 92 0.55 2.69 
8 49 27 70 0.72 3.02 
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1 32 16 43 1.17 1.17 
2 18 9 24 2.08 2.24 
3 76 38 101 0.49 3.06 
4 66 33 88 0.57 3.75 
5 36 36 72 0.69 4.40 
6 129 129 258 0.19 4.95 
Arey 7 88 88 176 0.28 5.45 8 24 24 48 1.04 5.96 
9 33 33 66 0.76 6.47 
10 30 30 60 0.83 6.98 
11 4 4 8 6.25 7.79 
12 21 21 42 1.19 8.58 
13 14 14 28 1.79 9.40 
14 22 22 44 1.14 10.20 
1 133 142 275 0.18 0.18 
2 276 264 540 0.09 0.27 
3 181 188 369 0.14 0.36 
4 80 80 160 0.31 0.48 
Daptchery 5 113 113 226 0.22 0.61 6 40 40 80 0.63 0.78 
7 30 31 61 0.82 1.01 
8 14 12 26 1.93 1.36 
9 28 28 56 0.89 1.75 
10 81 82 163 0.31 2.11 
11 65 66 131 0.38 2.46 
1 104 51 137 0.37 0.37 
2 50 42 91 0.55 0.67 
3 67 61 128 0.39 0.96 
4 58 55 113 0.44 1.25 
5 26 26 52 0.96 1.61 
Khopoli 6 48 62 108 0.46 1.95 7 52 48 100 0.50 2.30 
8 72 63 134 0.37 2.62 
9 58 51 109 0.46 2.95 
10 15 13 28 1.79 3.36 
11 18 19 37 1.35 3.81 
12 42 43 85 0.59 4.25 
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Fig. 1: Cumulative inbreeding rates in Indian major carps of different hatcheries 
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Catla stocks at hatcheries in the 
state of Maharashtra accumulated more 
inbreeding followed by mrigal and 
rohu. Among the three Indian major 
carps, catla matures late and is 
considered difficult to breed by the 
hatchery managers. The late maturity 
and breeding difficulties under pond 
conditions may also be contributing to 
the small effective population size. This 
small effective population size leads to 
high inbreeding rate and the high 
inbreeding rate enhances the 
reproductive problems further. The 
inherent reproductive problems 
coupled with the lack of genetic 
considerations in drawing mating plans 
further reduce the number of mature 
fishes in the stock and lead to reduced 
effective population size. Unless this 
problem is tackled immediately, it may 
lead to the genetic deterioration in catla 
stocks, especially in Arey and Khopoli 
hatcheries. 
Among the three species of Indian 
major carps bred in hatcheries in the 
sate of Kamataka, mrigal was highly 
inbred exceeding 8 per cent cumulative 
inbreeding rate. The effective 
population size of mrigal fluctuated 
widely in all these hatcheries between 
generations. The information collected 
from hatcheries suggests that mrig:ll 
was used to make up the targeted 
number of brooders. Whenever 
sufficient numbers of catla and rohu 
brooders were not available, mrigal was 
used to fill that gap. The unequal rate of 
increase in cumulative inbreeding per 
generation in this species further 
confirms this. 
Rohu was the most extensively 
bred species in all the hatcheries. 
Effective population size for this 
species was usually very high among all 
the species in all the hatcheries. The 
overall effective population size ranged 
trom 27 to 540 in both the states. There 
is a high demand for rohu seed and to 
meet this demand, hatcheries breed 
rohu more compared to catla and 
mrigal, because of which the effective 
population size was considerably high 
for this species along with a low 
cumulative inbreeding rate. Fish 
farmers mostly prefer rohu for cu1tUre 
because _of its better market price and 
short culture period, whereas short 
generation interval ( 18 months), lesser 
reproductive problems and longer 
breeding season than catla make it to be 
bred more in number by the hatchery 
managers. 
Among all the species, catla at 
Arey hatchery was highly inbred (F1 = 
39.34% in 14 generations). This level of 
inbreeding may prove detrimental and 
may cause inbreeding depression. 
Studies with rainbow trout have shown 
that inbreeding depression may occur at 
12.5 per cent level of inbreeding 
(Kincaid, 1976a, 1976b, 1983) and .18 
per cent is the level of inbreeding at 
which it becomes significant (Kincaid, 
1977). Tave ( 1999) suggested 5 per cent 
inbreeding as a conservative value and 
l 0 per cent as a liberal estimate for 
fishes when the effects of inbreeding 
depression wi 11 be significant. 
Inbreeding level of catla in Arey 
hatchery exceeds all these values 
mentioned above by different workers. 
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Such a level of cumulative inbreeding 
rate may affect the performance of 
individuals produced in this hatchery. 
The wild populations experience 
the bottlenecks mainly due to natural 
calamities and/or diseases. The 
bottlenecks in hatchery populations are 
mainly due to the lack of proper 
broodstock management. Whatever the 
reasons for the bottleneck in effective 
population size, it increases the 
inbreeding rate significantly and this 
effect is carried forward to the 
subsequent generations also. In Arey 
and Daptchery hatcheries, mrigal and 
catla experienced the bottlenecks for 
effective population size in one or more 
generations. As in catla and mrigal, the 
effective population sizes for rohu have 
also had bottlenecks in one or more 
generations. The sharp increase in 
inbreeding rate in these particular 
generations was carried forward to 
subsequent generations also. These 
bottlenecks were more due to 
management constraints than due to 
natural calamities and diseases. 
In all the hatcheries except 
Daptchery, the number of male 
brooders used was higher than the 
number of female brooders in all the 
species (Tables 2-4). When sex ratios 
are unequal, the effective population 
size tends towards the lesser number. 
This variation in brooder sex ratio 
reduces Ne and thereby increases the 
rate of inbreeding. One way to minimise 
the accumulation of inbreeding rate is to 
maintain the sex ratio of 1: 1 wherever it 
is not practiced presently. The 1:1 ratio 
helps to maximise Ne and reduces the 
inbreeding rate. 
The cumulative inbreeding rates in 
the present study were in the same range 
with the reports of Eknath and Doyle 
( 1990) for Karnataka hatcheries, but 
much higher than the reports of Mishra 
and Jain (1993), Basavaraju et al. 
(1998), Jahageerdar et al. (2002), and 
Badigar and Krishna (2005). This 
difference is mainly due to the method 
of estimation of inbreeding rate and 
variation in the generation interval. The 
earlier workers except Jahageerdar et 
al. (2002) and Deepak et al. (2005) have 
estimated the annual rate of inbreeding 
based on information of only one-
generation and these V~ere not based on 
the effective population size. They used 
the variance of reproductive success to 
estimate the effective population size 
and that also only for one generation. 
However, in the present study, the actual 
number of brooders bred and 
contributed to the next generation was 
utilized. The effective population size in 
the present study was estimated 
assuming that 50 per cent of the 
brooders utilized for spawning 
contributed to the fonnation of the 
successive generation. This assumption 
was made based on the sale register, 
information collected from hatchery 
officers and monitoring the functions of 
the hatcheries. 
The fish stocks at the hatcheries are 
genetically closed units; hence, the 
estimation of inbreeding in one 
generation will not reveal the true level 
of inbreeding accumulated over the 
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generations. Therefore, it is essential to 
utilise the data of all the available 
generations to estimate the precise rate 
of inbreeding. The cumulative 
inbreeding rates over the generations 
get affected, if the stock comprises 
overlapping generations. In the stocks 
with overlapping generations, the 
cumulative inbreeding rate not only 
depends on the effective population size 
but also on the variance in the number of 
progenies contributed, thereby 
reducing the inbreeding rate as 
compared to the inbreeding estimated 
by assuming distinct generations 
(Falconer and Mackay, 1998). In the 
absence of proper records (as in the 
present case), an assumption was made 
that the generations were distinct and 
the cumulative inbreeding rates were 
estimated based on this assumption. 
Therefore, the estimates in the present 
study may be biased slightly upwards. 
The practice of raising the 
broodstock from 50 per cent of the 
spawned brooders had led to the small 
effective population size in all the 
hatcheries, which in tum, had resulted 
in the accumulation of high inbreeding 
rate in these stocks. If all the brooders 
that were utilised for seed production 
contributed to future generations, the 
effective population size would have 
doubled and the cumulative inbreeding 
halved. It is, therefore, desirable to raise 
the broodstock for the production of 
future generations from all the families 
that are bred in the hatcheries. 
Prediction Equations for Estimation 
of Cumulative Inbreeding Rates 
The development of prediction models 
is essential to evolve suitable 
management practices so as to avoid or 
limit the damages due to inbreeding and 
to minimise the associated losses. In the 
present study, emphasis was given to 
keep the model as simple as possible so 
that it can be used at farm level. The 
management practices, the stock size 
and the number ofbroodstock vary from 
hatchery to hatchery; therefore, a 
common prediction model will not suit 
every hatchery and every species. The 
developed prediction models were 
tested for their significance. Based on 
multiple correlation(% R) and standard 
errors, the efficient prediction n1odel 
was identified (Tables 5-6; Fig. 2). 
In Bhadra-1 and Tungabhadra 
hatcheries, the linear regression 
equations gave the best prediction for 
cumulative inbreeding rate for mrigal. 
But in Bhadra-2 hatchery, the second 
order polynomial equation was found to 
be the most suitable model (Table 5; 
Fig. 2). In this hatchery, all the 
predictive models have similar 
correlation coefficients; therefore, the 
standard errors were taken into 
consideration for identifying the best 
prediction equations. In Arey and 
Daptchery hatcheries, among all the 
three models developed, the second,.. 
order polynomial equations were found 
to be the best for catla (Table 6; Fig. 2). 
The high correlation coefficients and 
minimum standard errors associated 
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Fig. 2: The best equations developed for predicting the cumulative inbreeding rates 
for cat/a and mrigal in different hatcheries 
158 P. K. Dccpak, Shrinivas Jahagccrdar, M. K. Sharada and N. K. Indira, 
with the equations suggest that these 
models predict inbreeding with 
minimum bias. For catla in Khopoli 
hatchery, the linear regression equation 
was found to be the best model (Table 
6). 
Among the three methods used to 
develop models, the power equations 
were found least efficient for these three 
species of all the hatcheries. In some 
cases, the polynomial equations were 
found to be the best fit. But a closer look 
at these cases and a comparison of these 
equations with respective linear 
regression model suggest that the 
differences between multiple 
correlations of polynomial and linear 
equations were very mini1nal and the 
standard errors were within the 
acceptable limits suggesting that for all 
practical purposes, the simple linear 
equations can be used to predict the 
cumulative inbreeding rates (Deepak et 
al., 2005). Even though the correlation 
values of the predictive models are very 
high and standard errors low, the 
predicted values should be treated with 
care. These models hold good only if the 
present management practices continue 
in future. 
It can be concluded that all the 
three species reared and bred at 
Kamataka and Maharashtra are highly 
inbred. In many of the hatcheries, the 
effective population size can be 
maximised by maintaining the sex ratio 
of 1:1 (male:female) and by raising 
future generations from all the families 
bred. But the long-tem1 strategy should 
be to maintain pedigree records and 
designing the mating plans based on the 
pedigree information to control the 
accumulation of inbreeding effectively. 
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